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 
Abstract—A 2-element elliptical patch antenna array with a bi-directional radiation pattern has been developed for ultra 
wideband indoor wireless communications. The array is constructed by means of feeding two omni-directional elliptical patch 
elements with a 3-section hybrid power divider. Experimental results show that the array has a stable radiation pattern and low 
return loss over a broad bandwidth of 64 % (3.1 - 6 GHz). 
 
Index Terms—UWB antennas, microstrip antennas, elliptical monopole antennas, antenna feeds, power dividers, antenna 
arrays. 
I. INTRODUCTION 
UWB technology is an attractive prospect for high-speed and short-range indoor wireless communications. Co-channel 
interferences and multi-path effects are prevalent in an indoor environment. Directive antennas with narrower beamwidths 
significantly reduce the number of paths that contribute to multiple reflections and thus inhibit the multi-path effects. 
Ceiling-mounted bi-directional antennas can avoid multiple reflections from walls. They are therefore well suited for 
wireless transmissions along corridors, which is a challenge for conventional omni-directional antennas. This paper 
describes the design of a 2-element linear patch antenna array with increased directivity for UWB applications. The design 
is validated through measurement of the performance parameters of a prototype array. 
II. DESIGN METHODOLOGY 
A. Design of a single element 
An elliptical patch monopole was chosen as radiator because of its simple geometry and wide impedance bandwidth [1], 
[2]. The chosen antenna is microstrip-fed, thus retaining the attractive features of thin profile, low cost and ease of 
integration with feed networks for the realization of simple arrays. Conventionally, the impedance bandwidth of a 
microstrip-fed monopole is tuned by adjusting the feed gap between the antenna and ground plane [3]. In this case, 
impedance matching is achieved by means of adjusting the dimensions of a notch in the ground plane [4]. Taconic substrate 
with dielectric constant  r = 2.2, thickness h = 0.8 mm and loss tangent tan  = 0.0009 was used. The layout of the elliptical 
patch antenna element is shown in Fig. 1, with optimized design values presented in Table I.  
 
 
Fig. 1.  Geometry of an elliptical patch element. 
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TABLE I.  OPTIMIZED DESIGN PARAMETERS OF AN ELLIPTICAL PATCH ELEMENT. 
 
Parameters Dimensions (mm) 
r1 11.5 
r2 10 
w 3 
t 2 
L1 30 
L2 40 
p 15 
w0 2.53 
h 0.8 
 
Simulations were performed using Ansoft HFSS Version 10 which utilizes the Finite Element Method for 3D full-wave 
electromagnetic computations. S-parameters were measured using a HP8250C Vector Network Analyzer. The measured 
return loss of the optimized elliptical patch antenna agrees well with the simulated response, as shown in Fig. 2. The 
simulated and measured impedance bandwidths of the EPA (|S11| < 10 dB) start at 3.0 and 3.3 GHz respectively, and both 
extend beyond 11 GHz. This verifies the UWB nature of the antenna element.  
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Fig. 2.  Simulated and measured return loss curves of an optimized elliptical patch element. 
 
 
 
B. Design of feed network 
A 3-section hybrid power divider was designed according to the guidelines provided in [5] and [6]. Wideband 
impedance matching is accomplished by cascading three pairs of quarter guide wavelength microstrip lines designed at a 
center frequency of 6.85 GHz. The power divider feeds equi-phase and equi-amplitude wideband signals to two optimized 
elliptical patch elements. Good isolation between the two output ports is provided by isolation resistors. The geometry and 
design parameters are shown in Fig. 3 and Table II respectively. 
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Fig. 3.  Geometry of a 3-section hybrid power divider. 
 
 
 
TABLE II.  DESIGN PARAMETERS OF 3-SECTION HYBRID POWER DIVIDER. 
 
Parameters Values 
w0 2.53 mm 
w1 2.04 mm 
w2 1.45 mm 
w3 0.99 mm 
l0 5.00 mm 
l 7.38 mm 
g 1.27 mm 
R1 390 Ω 
R2 220 Ω 
R3 110 Ω 
d 28.5 mm 
 
In Fig. 4, the simulated and measured S-parameters of the power divider show satisfactory agreement up to 7.5 GHz. The 
measured impedance bandwidth (|S11| < 10 dB) in Fig. 4(a) is 133% (2 – 10.0 GHz). Over the frequency range 3.1 - 7.5 
GHz, the measured insertion losses are close to the expected 3 dB of a hybrid power divider. Particularly, |S21| varies in the 
range -3.50 ± 0.36 dB (Fig. 4(b)), and |S31| in the range -3.67 ± 0.32 dB (Fig. 4(c)). Good isolation between two output ports 
is observed in Fig. 4(d), where the measured values for |S32| are below -12.10 dB for the entire frequency range. 
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Fig. 4.  Simulated and measured S-parameters (a) |S11|, (b) |S21|, (c) |S31| and (d) |S32| of the 3-section hybrid power divider. 
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C. Design of 2-element array 
 
A 2-element elliptical patch array shown in Fig. 5 was constructed by feeding two optimized patch elements with the 
3-section hybrid power divider. The array was subsequently fabricated and tested. The element spacing was empirically 
chosen as half a wavelength at the center frequency of the impedance bandwidth of the patch elements, yielding a value of 
d = 28.5 mm. The optimized dimensions of the two ground notches of the array are width w = 2.5 mm and depth t = 2 mm. 
 
 
Fig. 5.  Geometry of a 2-element elliptical patch array. 
 
The simulated and measured |S11| responses shown in Fig. 6 are in good agreement. In accordance with the FCC-defined 
spectral mask, the measured impedance bandwidth of the optimized elliptical patch array is 83 % (3.1 - 7.5 GHz).  
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Fig. 6.  Simulated and measured return loss curves of the elliptical patch array. 
 
The radiation patterns of a single element and the elliptical patch array were measured in an anechoic chamber. The 
normalized E-plane and H-plane patterns at frequencies of 4 GHz, 5 GHz and 6 GHz are shown in Fig.7, Fig. 8 and Fig. 9, 
respectively. The E-pane patterns of the single element and the array are similar, except for variations in the direction of the 
y-axis due to the influence of the feed network of the array. However, the H-plane patterns of the array are distinctively 
bi-directional compared to the near omni-directional pattern of the single element. The maximum gain of the array in the 
H-plane is specified in Table III. The measured gain of the array was consistently 2 to 3 dB higher than that of the single 
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element.  
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(a) E-plane 
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(b) H-plane 
Fig. 7.  Measured radiation patterns at 4 GHz of the elliptical patch array (solid line) and a single element (dashed line) in (a)  the E-plane and (b) the 
H-plane. 
-25
-20
-15
-10
-5
0
0
30
60
90
120
150
180
210
240
270
300
330
-20
-15
-10
-5
0
 array
 single element
y
z
 
(a) E-plane 
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(b) H-plane 
Fig. 8.  Measured radiation patterns at 5 GHz of the elliptical patch array (solid line) and a single element (dashed line) in (a)  the E-plane and (b) the 
H-plane. 
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(a) E-plane 
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(b) H-plane 
Fig. 9.  Measured radiation patterns at 6 GHz of the elliptical patch array (solid line) and a single element (dashed line) in (a) the E-plane and (b) the 
H-plane. 
 
TABLE III. MEASURED MAXIMUM GAINS OF THE ELLIPTICAL PATCH ARRAY IN THE H-PLANE AT 4, 5 AND 6 GHZ 
Frequency [GHz] Maximum gain [dBi] 
4 4.85 
5 1.84 
6 1.95 
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III. CONCLUSIONS 
A 2-element ultra-wideband elliptical patch antenna array with a microstrip 3-section hybrid power divider feed network 
has been designed and tested. The array clearly demonstrates bi-directional patterns over a bandwidth of 64% (3.1 - 6 
GHz). Over the bandwidth, it has an average half-power beamwidth of 70.0° with variations of ±18° in the H-plane. It 
offers a significant improvement in directivity over a single elliptical patch antenna which has near omni-directional 
H-plane patterns. The shape of the array’s radiation pattern is consistent over the frequency range considered. Its 
bi-directional radiation pattern, good impedance matching and steady gain, makes this array most suitable for 
ultra-wideband wireless transmissions along corridors. 
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